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(57)Abstract 

PROBLEM TO BE SOLVED: To easily form a layer having low refractive Index and enough adhesion property between layers 
and to provide an excellent antireflection film which prevents reflection of external light in a display device and the like 
SOLUTION: Thts antireflection film is obtd. by forming a low refractive Index layer on a base body or by successively forming 
an intermediate layer and a low refractive index layer on a base body. !n this case, the low refractive Index layer contains at 
least one kind of fluorine-contg. polymer particles having <200nm average particle size. This layer contains has microvolds 
among the fine particles formed by two or more particles stacked. Before fonning the low refractive index layer the base 
body or the intermediate layer to be in contact with the layer is subjected to at least one kind of surface treatment selected 
from among corona discharge treatment, flame treatment, UV treatment and glow discharge treatment 
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SPECIFICATION 



(54) Title of the Invention 

Production Of Anti -Reflection Film And Display Device 

/2 

[Claims] 

[Claim 1] A production method of an anti-reflection film 
which is an anti-reflection film provided with a low-refractive 
index layer on a support or provided with an intermediate layer 
and a low- refractive index layer in order on a support 
is characterized by that 

the low-refractive index layer is a layer having at least one 
kind of fluorine -containing polymer fine particles with mean 
particle size of 200 nm or less, 

this layer contains microvoids among the fine particles by 
stacking at least two or more of said fine particles, and 
the support or the intermediate layer in contact with the low- 
refractive index layer is applied with at least one surface 
treatment selected from corona surface treatment, flame 



^ Numbers in the margin indicate pagination in the foreign text. 
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treatment, UV treatment and glow discharge treatment before the 
formation of said low-refractive index layer. 

[Claim 2] A production method of an anti -reflection film 
according to Claim 1 is characterized by that 

the low-refractive index layer is formed within 10 months since 
the said treatments are applied. 

[Claim 3] A production method of an anti -reflection film 
according to Claim 1 is characterized by that 

the intermediate layer has a higher refractive index than said 
low-refractive index layer. 

[Claim 4] A production method of an anti-reflection film 
according to Claim 1 is characterized by that 
the surface is subjected to an anti -glare treatment. 

[Claim 5] A display device arranged with the anti- 
reflection film of Claim 1. 



[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] This invention relates 
to improvements of the interlayer adhesion and durability of an 
anti -reflection film of external light which having excellent 
mass productivity and anti -contaminating property in display 
devices, especially LCD (liquid crystal device) display, etc. 



[0002] 

[Prior Art] A multilayer film given by stacking transparent 
tliin-films sucli as metal oxides, etc. has been used before as an 
anti-reflection film for a light having a wavelength regions 
lilce a visible light. A single-layer film is effective to a 
monochromatic light but could not effectively make the anti- 
reflection to a light having some extent of wavelength regions, 
by contrast, such a multilayer is taken as an effective anti- 
reflection film, the greater the number of staked layers, the 
more effective in a wide wavelength region. Therefore, a matter 
given by stacking three or more layers of metal oxides, etc. by 
physical deposition method, etc. has been used for the anti- 
reflection film. However, in order to form an anti-reflection 
film of a multilayer structure, a physical deposition method in 
which the film thickness was high precisely controlled had to be 
carried out for some times according to a relationship between 
the refractive index and film thickness optimally designed 
beforehand, thus it became very expensive. Moreover, for 
example, a layer consisting of a fluorine-containing resin had 
to be newly provided to improve the anti-contaminating property 
such as scratch resistance of surface or fingerprint adhesion, 
etc . 
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[0003] Beside the method based on a multilayer film as 
described above, a method wherein an efficient anti-ref lecting 
effect is obtained with a film having a refractive index slowly- 
changed at the interface with air has been known before. For 
example, it has been described in Japan Kokai 02-245702 that the 
refractive index change at the interface between coating surface 
and substrate is moderated by mixing Si02 ultrafine particles 
having an intermediate refractive index of glass substrate and 
iy[gF2 and ]yigF2 ultrafine particles and then coating the mixture, 
slowly decreasing the mixing ratio of Si02 and increasing the 
mixing ratio of MgF2 from the glass substrate to the coating film 
surface . 

[0004] It has been described in Japan Kokai 05-13021 that 
the smallest reflectivity is obtained when ultrafine particles 
having a low refractive index, such as MgF2, Si02/ etc. are 
regularly arrayed on a substrate in an anti-reflection film 
using the ultrafine particles. 

[0005] Moreover, it has been described in Japan Kokai 07- 
92305 that the transmitted light quantity is increased by about 
5% with an anti-ref lection film which has a two-layer structure, 
i. e., an inner layer consisting of methyl methacrylate, 
methacrylic acid, trif luoroethyl acrylate and N-isobutoxymethyl 
acrylamide and an outer layer consisting of styrene, acrylic 
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acid and butyl acrylate and is formed with roughness by exposing 
ultrafine particles of refractive index 1.428 to the surface. 

[0006] Furthermore, it has been described in Japan Kokai 
07-168006 that the transmitted light quantity is increased by 
about 6% with such an anti-reflection film which is made into a 
rough surface by completely exposing the surface of ultrafine 
particles and obtained by coating a mixture of a 
tetraf luoroacrylate and an MgF2 sol and then polymerizing and 
curing the said fluorine organic component by electronic 
irradiation. 

[0007] However, the anti-reflection film described in Japan 
Kokai 02-245702 had such a problem that the film formation was 
complicated and the control of refractive index was difficult 
because it was obtained by stacking coating films with different* 
mixing ratio. The anti -reflection film described in Japan Kokai 
05-13021 had such a problem that it was difficult to change the 
refractive index gently because the ultrafine particles of 
uppermost layer was covered with a binder and the usable 
substrate was limited because the burning temperature was a high 
temperature. The anti-reflection film described in Japan Kokai 
07-92305 had such a problem that the refractive index was taken 
as 1.428 and did not give a sufficient anti-reflection effect 
because the fluorine resin-containing ultrafine particles 



contains a fluorine-free resin component. The anti-reflection 
film described in Japan Kokai 07-168006 had such a problem that 
it did not give a sufficient anti-reflection effect because the 
refractive index of MgF2 itself used as the ultrafine particles 
is still 1.38. 

[0008] Accordingly, the inventors discovered that a low- 
refractive index layer containing microvoids could be formed by 
containing fine particles having mean particle size of 200 nm or 
less and consisting of a fluorine-containing polymer and 
averaging the particle size by stacking at least two or more 
fine particles, and an excellent anti-reflection effect is 
obtained by forming an anti-reflection film containing the said 
low-refractive index layer. 

[0009] However, this method had such drawbacks of 
insufficient film strength and poor durability because the 
adhesion among the particles was insufficient simply by stacking 
fine particles with each other only. 

/3 

[0010] The purpose of this invention is to improve the film 
strength and durability of a low-refractive index layer 
containing microvoids in an anti -reflection film made by 
containing the low- refractive index layer. 

[0011] 
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[Means for Solving the Subject] The aforesaid subject is 
solved by the following anti-reflection 'film. 

(1) A production method of an anti-reflection film which is 
an anti-reflection film provided with a low-refractive index 
layer on a support or provided with an intermediate layer and a 
low-refractive index layer in order on a support 

is characterized by that 

the low-refractive index layer is a layer having at least one 
fluorine-containing polymer fine particles with mean particle 
size of 200 nm or less, this layer contains microvoids among the 
fine particles by stacking at least two or more of said fine 
particles, and the support or the intermediate layer in contact 
with the layer is applied with at least one surface treatment 
selected from corona surface treatment, flame treatment, UV 
treatment and glow discharge treatment before the formation of 
said low-refractive index layer. 

(2) A production method of an anti-reflection film 
according to Claim 1 is characterized by that the low-refractive 
index layer is formed within 10 months since the said treatments 
are applied. 

(3) A production method of an anti -reflection film 
according to Claim 1 is characterized by that the intermediate 
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layer has a higher refractive index than said low-refractive 
index layer. 

(4) A production method of an anti-reflection film 
according to Claim 1 is characterized by that the surface is 
subjected to an anti-glare treatment. 

(5) A dislay device arranged with anti-reflection film of 

(1) . 

[0012] 

[Embodiment Forms of the Invention] An excellent anti- 
reflection obtained by the anti-reflection film of this 
invention can be illustrated as below. 

[0013] An anti-reflection film consisting of a low- 
refractive index layer containing fluorine-containing polymer 
fine particles is shown in Fig. 1. In Fig. 1, 1 is a layer 
mixing a fine particle layer and air (microvoids-containing 
layer), and 3 is a substrate. The microvoids disperse and exist 
almost homogeneously in the layer 1. This low-refractive index 
layer is provided on the uppermost surface of a transparent 
substrate to be prevented from the reflection. This invention is 
characterized by that the voids among the particles and the 
voids between the particles and substrate are uniform and the 
voids have sizes which do not scatter a light. Accordingly, the 
said low-refractive index layer is a microvoids-containing fine 
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particle porous film microscopically, but it can be regarded as 
a uniform low-refractive index layer macroscopically . 

[0014] The refractive index of air is 1, and the refractive 
index of fine particles in this invention is higher than the 
refractive index 1 of air. The refractive index of said low- 
refractive index layer of this invention can be made lower than 
the refractive index of material only by the volume fraction of 
microvoids by making a polymer into fine particles. Accordingly, 
the refractive index of said microvoids -containing layer 1 
located between the air layer and substrate lies between the 
refractive index of air layer and the refractive index of fine 
particle themselves . 

[0015] When fine particles having a single-dispersed 
particle size are filled to the maximum density, 26% voids 
(microvoids) can be made among the fine particles, and increased 
to 48% in case of pure cubic filling. Actually, some extent of 
distribution in particle size exists, therefore the content of 
microvoids a little deviates from a calculated value, but the 
formation of a microvoid film of about 50% is possible. 
Moreover, the voidage changes with cohesive methods and cohesive 
conditions of fine particles with each other. If the content of 
microvoids is too high, the mechanical strength is impaired. 
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therefore the content of microvoids is preferably 50% or less 
from the viewpoint of film strength. 

[0016] The particle size of fine particles used in this 
invention is 5 nm to 2 00 nm, and 50 nm or less is preferable for 
improving the film strength- Polymer lattices are given as 
examples of such fine particles. If the particle size of fine 
particles increases, the front scattering increases; if it is 
more than 2 00 nm, staining to the scattering light occurs, thus 
the cases are undesirable. 

[0017] There are no special limitations to monomer units of 
polymers forming the fine particles. For example, acrylic esters 
such as ethyl acrylate, 2-ethylhexyl acrylate, etc.; methacrylic 
esters such as ethyl methacrylate, 2-ethylhexyl methacrylate, 
etc.; in addition, styrene derivatives, vinyl chloride polymers, 
acrylamides , methacrylamides , acrylonitrile derivatives , 
urethanes, etc. can be given. Moreover, it is effective to 
introduce functional groups such as isocyanato, aziridino, 
aldehydo group, etc. to increase the adhesion of stacked fine 
particles on each other. Actually, the use of a homopolymer or 
copolymer of a fluorine -containing monomer or a copolymer of a 
fluorine- containing monomer and a fluorine-free monomer is 
needed for realization of low refraction index formation. Or, it 
is effective to form core-shell particles, use a polymer with a 



high fluorine content in the core part and a thermal 
crosslinking group in the shell part or make them into a polymer 
having a functional group reactable with a silane coupler. 

[0018] Fluorine-containing monomers are given below, but 
they are not limited thereto. Particularly, perf luoro-2 , 2- 
dimethyl-1, 3-dioxole or tetraf luoroethylene are preferably used 
because of their very low refractive index. 

[0019] 

[Chem 1] 

- C - C - O -(CH2)p - CnF2n+l 
II II 

CH2 O 

[0020] where represents a hydrogen atom, methyl or 

fluorine atom, and n, p represent positive integers. 
[0021] The following monomers can also be used. 
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Ut2] 



[0 02 33 



CH2=CHP. CH,=CF2. CFt=CHF. 
CH2-CH-C.P,.m: CP,=CP-CF,; 

CP^.CF-0-C.Ft«M; CFz-CF-0-CF,CP(CF,)-0-CF,CFtCOOCH, . ; 
FC=FC 

(c> 

CF,=CFOCP,CF=CF,. CF2«CF0CPjCF,CF--CP: . CF,=CFOCF,CF=CH,. 



CPt=CPOCFjCFCF-CPi. CFj-CF0CF,CFjCH-CHCF=CF2 . 
CF, CH: bH, 

CHj-CH, 

CF,-CPOCF,0CF.CF=CF2. CFj'CFOCFjCFjCH-CH* . 

CF,-CF0CP,(CH2).NHCCH=CHj itztzU x« 1-4 ©SIS:) 

CFj=CF0CF,CFCF2CF-CF2 , CF,»CF0CF-CFCF=CF2 . 
CF.CF2 CF2-CF2 

CF2=CF0CF:CF,^=CF2. CF2=CF0(CP,)2CF=CFCF2. 

CF2-CF0CF2CF20CF=CFCl . CF2=CFCNHCCH2CH=CHa . 

CF, 

Cp2=CFCFjCF2CK=CH2. CFt=CFCF2CFCH=CH2 . 

CF3 

CF.=CH0CH2CH2CF=CF2 . CH2=C?C0CH,CH,CF=CF,. 

0 

CFa 

CHj =CJ0CH2CH,CF=CF,. CH2=CH0CH,CH,CF,CF=CF: 
- 0 
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[0022] 
[Chem 2] 
[0023] 
[Chem 3] 

(8 forms., p4, upper) 

(however, x is an integer of 1-4) 

(12 forms., p4, lower) 

[0024] The following fluorine-containing monomers are given 
as ones using the said monomers . 
[0025] 
[Chem 4] 
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CF, ^40-5^ inttO~4s n«40~U 

-«:F.-CF^ H«4„lil~6>R«lF3l«CF.)> 
(c!,), (CFR). 

V(CF2)m 

CF, 

(CFi). (CFi), 

^CFrCF-'^F^ . -^CF./ 7^ . -^^''-f • 



CFi /'i^ I ! 

CF> . -(CF,-CF QF^ . 0-..^° 



\?/ CFs 
CF. fCF— CF-) 



-4CFi-CF 



CFt CFj 



CF. CP, CF,-^ ^CF, 



-t-CH,-U ^CF,-CF,^ . -e-CF,-CFr 

1 CF 
C-OCCHj). C« Fj.-i . ' 

II 

general formula 

(1 form. , p5, top) 

(however, 1 is 0-5, m is 0-4, n is 
0-1, 1+m+n is 1-6, R is F or CF2) 
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(1 form. , p5 , top) 

(however, o,p,q are 0-5, o+p+q is 
1-6) 

(1 form., p5, upper) 

(however, Ri is F or CF2, R is F or 
CF2) 

(9 forms., p5, middle) 

[0026] The refractive index of said fluorine-containing 
polymers almost linearly lowers with the content of fluorine 
atoms, and the refractive index as a layer further lowers with 
increasing the content of microvoids. In order to fully lower 
the refractive index of layer as share of the both, it is needed 
to contain 0.35 weight fraction or more of a fluorine-containing 
polymer, 0.75 weight fraction or less of a fluorine atom and 
contain 0.10 volume fraction or more of a layer consisting of 
fluorine-containing polymer fine particles and 0.50 volume 
fraction or less of microvoids. 

[0027] Crystalline or amorphous polymer particles can be 
used for polymer particles of the anti-reflection film in this 
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general formula 



general formula 
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invention. Polymer particles having crystallinity cannot be used 
as a film of optical material to decrease the light 
transmittance until now, but polymer particles having 
crystallinity can be used as anti-reflection film without 
decreasing the light transmittance by using fine particles 
having particle size fully smaller than the wavelength of light. 

[0028] A fine particle layer having such a low refractive 
index can be used as the uppermost layer of not only the single- 
layer film shown in Fig. 1 but a multilayer film. An anti- 
reflection film provided with a layer 2 having a refractive 
index higher than the refractive index of substrate on a 
substrate film and further provided with a layer containing 
fluorine-containing polymer fine particles thereon. Thus, the 
anti-reflection film which is effective in a wide wavelength 
region and is obtained by making it to a multilayer is based on 
same principle as the prior art. For example, as shown in Japan 
Kokai 59-50401, the function as anti-reflection film is 
optimized by satisfying the following relations between the 
refractive index (nl) and film thickness (dl) of film in a first 
layer in contact with a substrate and the refractive index (n2) 
and film thickness (d2) of film in a second layer in contact 
with the first layer. The anti -reflection conditions based on 

/i 
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such a multilayer film are well-known from the old- 



First layer mA/4 x 0.7 < nidi < mA/4 x 1.3 
Second layer nA/4 x 0.7 < n2d2 < mA/4 x 1.3 

However, mm is a positive integer and n is an odd positive 
integer. 

[0029] Various plastic films can be used as substrates for 
forming the anti -reflection film of this invention, and various 
transparent resins such as cellulose derivatives (e. g., triacetyl- 
(TAC) , diacetyl, propionyl-, butanoyl-, acetylpropionyl- , nitro-, 
etc.), polyamides, polycarbonates, polyesters described in Japan 
Tokkyo 48-40414 (especially polyethylene terephthalate , poly- 
1 , 4 -cyclohexanedimethylene terephthalate , polyethylene 1,2- 
diphenoxyethane-4 , 4 -dicarboxylate, polybutylene terephthalate, 
polyethylene naphthalate, etc.), polystyrene, polypropylene, 
polyethylene, polymethylpentene, polysulfone, polyether sulfone, 
polyacrylate, polyether imide, polymethyl methacrylate, etc. are 
preferably used. 

[0030] The following polymers are used as materials of a 
high-refractive index layer when used as a multilayer film. 

[0031] As organic materials, film formable substances 
having a refractive index higher than the low-refractive index 
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layer such as polystyrene, polystyrene copolymer, polycarbonate, 
various polymer compositions having aromatic ring other than 
polystyrene, heterocyclic ring, alicyclic ring or halogen group 
other than fluorine, etc.; various thermosetting resin formable 
compositions with melamine resin, phenol resin or epoxy resin, 
etc. as curing agent, etc., urethane formable compositions 
consisting of alicyclic or aromatic isocyanates and/or 
isocyanates and polyols as well as various modified resins or 
prepolymer- containing compositions capable of radical curing, 
etc. by introducing a double bond into the above compounds are 
preferably used. As organic materials dispersed with inorganic 
fine particles, ones having a refractive index lower than a case 
of using organic materials alone are used because inorganic fine 
particles generally have a high refractive index. Besides the 
aforesaid organic materials, various organic materials which 
have transparency, such as acrylics-containing vinyl copolymers, 
polyester (including alkyd) polymers, cellulose polymers, 
urethane polymers as well as various curing agents for curing 
the polymers, compositions having curable functional groups, 
etc. and allow inorganic fine particles to disperse stably are 
usable. Organic substituted silicon compounds can also be 
included therein. 
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[0032] These silicon compounds are compounds expressed by a 
general formula 

R"^aR^bSiX4-(a+b) 

(here R^, are an alkyl, alkenyl, aryl or a hydrocarbyl having 
halogeno, epoxy, amino, mercapto, methacryloxy or cyano group, 
respectively. X is a hydrolyzable substituent selected from 
alkoxyl, alkoxyalkoxyl , halogeno or acyloxy group. A, b is 0, 1 
or 2, respectively, and a+b is 1 or 2) or their hydrolyzates . 

[0033] As inorganic compounds dispersed therein, oxides of 
metallic elements such as aluminum, titanium, zirconium, 
antimony, etc. are preferably used. They are provided as fine 
particle powders or as colloid dispersions in water or other 
solvents. They are mixed with and dispersed in the above organic 
materials or organic silicon compounds. 

[0034] As inorganic materials which are film formable, 
dispersible in solvents and liquid themselves, alkoxides, salts 
of organic acids, coordinate compounds combined with coordi- 
natable compounds of various elements. As their suitable 
examples, metal alcoholate compounds such as titanium tetra- 
ethoxide, titanium tetraisopropoxide, titanium tetra-n- 
propoxide, titanium tetra-n-butoxide, titanium tetra-sec- 
butoxide, tetra-t-butoxide, aluminum triethoxide, antimony 
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triethoxide, antimony tributoxide, zirconium tetraethoxide, 
zirconium tetra-i-propoxide, zirconium tetra-n-butoxide, zirco- 
nium tetra-sec-butoxide, zirconium tetra-t-butoxide, etc.; 
chelate compounds such as diisopropoxy titanium bisacetyl- 
acetonate, dibutoxy titanium bisacetylacetonate, diethoxy 
titanium bisacetylacetonate , zirconium bisacetylacetone , 
aluminum acetylacetonate , aluminum di -n— butoxy-monoethyl 
acetoacetate , aluminum di - i— propoxymonomethylacetoacetate , tri - 
n— butoxide zirconium monomethylacetoacetate, etc.; zirconyl- 
ammonium carbonate or active inorganic polymers based on 
zirconium, etc. can be given. Besides the above compounds, as 
ones having a relatively low refractive index and usable with 
the above compounds, various alkyl silicates or their hydro- 
lyzates, fine particle silica and especially silica gel 
dispersed into a colloid can be used. 

[0035] The low-refractive index anti-reflection layer of 
this invention can be applied by commonly well-known methods 
such as dip coating method, air knife coating method, curtain 
coating method, roller coating method, wire-bar coating method, 
gravure coating method, or extrusion coating method using a 
hopper described in USP 2,681,294. According to demand, two or more 

/V 
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layers can be coated simultaneously by methods described in USP 
2,761,791, 3,508,947, 2,941,898, and 3,526,528, [coating 
Engineering] by Yuji Harazaki, 253 (published by Asakura Books 
Co. , 1973) . 

[0036] The low-refractive index anti -reflection layer of 
this invention can also be provided with a hard coat layer, a 
moisture-proof layer and an antistatic layer, etc. in addition 
to the high- refractive index layer as intermediate layer. 
Moreover, it may also be taken as a layer holding respective 
purposes simultaneously. As materials for forming the hard coat 
layer, acrylic, urethane, epoxy polymers as well as silica 
materials can be used. 

[0037] Roughness is formed on the surface of said low- 
refractive index anti-reflection layer of this invention to 
prevent the write-in of scenes, etc. due to scattering of 
external light and imparts an anti-glare effect. Moreover, this 
anti -reflection film can be applied to image display devices 
such as liquid crystal display device (LCD) , plastic display 
(PDP) , electroluminescence display (ELD) , cathode ray tube (CRT) 
display device, etc. separately or in combination with anti- 
glare effect, and the visibility can be sharply improved by 
preventing the reflection of external light. 
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[0038] The anti-reflection film of this invention can be 
provided directly on the aforesaid substrate or on the above 
intermediate layer, but if these lower layers are not surface 
treated, this is undesirable because the anti -reflection film 
easily peels off or detaches. Next, the surface treatments of 
this invention are explained. Glow discharge treatment, corona 
discharge treatment, UV treatment, flame treatment can be given 
as preferable surface treatments. Glow discharge treatment and 
corona discharge surface treatment are more preferable among 
them. These treatments may be carried out separately or by 
combining two or more of them. These methods will be illustrated 
in detail. Methods which have been known before, for example, 
Japan Tokkyo 35-7578, 36-10336, 45-22004, 45-22005, 45-24040, 
46-43480, Japan Kokai 53-129262, USP 3,057,792, 3,057,795, 
3,179,482, 3,288,638, 3,309,299, 3,424,735, 3,462,335, 3,475,307, 
3,761,299, 4,072,769, BP 891,469, 997,093, etc. can be used for 
the glow treatment. In such a glow treatment, the most excellent 
adherence effect can be obtained in case of introducing water 
vapor as atmosphere. This method is very effective on inhibiting 
yellowing of film and also on preventing blocking. The vapor 
partial pressure in performing the glow treatment in the 
presence of water vapor is preferably 10% - 100%, more 
preferably 40% - 90%. If the vapor partial pressure is less than 



10%, a sufficient adhesion becomes difficult to be obtained. A 
gas other than water vapor is air composed of oxygen, nitrogen, 
etc. 

[0039] Moreover, the lower layer to be surface treated is 
subjected a vacuum glow treatment in a heated state, this is 
effective because the adhesion is improved by a treatment in a 
time shorter than the treatment at normal temperature. The 
preheating temperature is BO'^C to Tg, preferably 60^C to Tg, and 
more preferably 70°C to Tg. If the lower layer is preheated above 
Tg, the adhesion deteriorates. The degree of vacuum in the glow 
treatment is preferably taken as 0.005 - 20 Torr. The voltage is 
preferably between 500 and 5,000 V, and more preferably between 
500 and 3,000 V. As seen in the prior art, the employed 
discharge frequency is from direct current to several 1,000 MHz, 
preferably 50 Hz - 20 MHz, and more preferably 1 KHz - 1 MHz. 
Desirable adherence property is obtained at a discharge treating 
intensity of preferably 0.01 KV-A-min/m^ - 5 KV-A-min/m^, more 
preferably 0.15 KV-A-min/m^ - 1 KV-A-min/m^. In this way, the 
temperature of a support applied with the glow treatment is 
preferably lowered immediately by cooling rollers. 

[0040] The corona treatment is the best known method and 
can be achieved by any conventional well-known processes 
disclosed, for example, in Japan Tokkyo 48-5043, 47-51905, 47- 
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28067, 49-83767, 51-41770, 51-131576, etc. The discharge 
frequency is suitably 50 Hz - 5,000 kHz, preferably 5 Hz - 
several 100 kHz. The treating intensity of object to be treated 
is suitably 0.001 KV-A-min/m^ - 5 KV-A-min/m^, preferably 0.01 
KV'A-min/m^ - 1 KV-A-min/m^ . The gap clearance of electrode and 
dielectric roller is suitably 0.5 - 2.5 mm, preferably 0.1 - 2.0 
mm. 

[0041] The UV treatment is preferably carried out by 
treatment processes described in Japan Tokkyo 43-2603, Japan 
Tokkyo 45-2604 and Japan Tokkyo 45-3828. The mercury lamp is a 
high-pressure mercury lamp or a low-pressure mercury lamp 
consisting of a quartz tube, and the wavelength of UV ray is 
preferably between 180 - 380 nm. In the UV irradiation method, 
if the mercury lamp is a high-pressure mercury lamp with 365 nm 
as dominant wavelength, the irradiated light quantity is 
preferably 20 - 10,000 (mj/cm^) , more preferably 50 - 2,000 
(mj/cm^) . If the mercury lamp is a low-pressure mercury lamp with 
254 nm as dominant wavelength, the irradiated light quantity is 
preferably 100 - 10, 000 (mj/cm^) , more preferably 200 - 1,500 
(mJ/cm^) . 

[0042] For the flame treatment method, it does no matter 
whether natural gas or liquid propane gas is used, and the 
mixing ratio to air is important. In the case of propane gas. 



the preferable propane/air mixing ratio is 1/14 - 1/22, 
preferably 1/16 - 1/19 by volume ratio. In the case of propane 
gas, the mixing ratio is 1/6 - 1/10, preferably 1/7 - 1/9. The 
flame treatment had better be carried out in a range of 1 - 50 
kcal/m^, preferably 3-30 kcal/m^. The treatment is more 
effective if the distance between the tip of inner flame and a 
support is made to less than 4 cm. A flame treating equipment 
made by Kasuga Electric, Ltd. Can be used. A backup roller 
sustaining the support during the flame treatment is a hollow 
roller and is water cooled by passing cooling water to do the 
treatment at a fixed temperature always. In this invention, a 
low-refractive index layer is preferably formed within 10 months 
since the support or the intermediate layer in contact with the 
low-refractive index layer is surface treated. 
[0043] 

[Actual Examples] This invention will be illustrated in 
detail based on actual examples, but this invention is not 
limited thereto. 

[0044] 

[Table 1] Fine particles (B-1, B-2) shown in Table 1 are 
obtained by emulsion polymerization. 
[0044] 
[Table 1] 
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Table 1 



Fine Particle 


PI 


P2 


P3 


P4 


Particle Size (nm) 


B-1 


98 




2 




50 


B-2 




95 




5 


49 



* The weight ratio is given by wt% 

PI: The following formula is a monomer with = H, p = 1, n = 1 

Rl . C - C - O -(CH2)p - CnFsn.i 

II II 

CH2 0 

P2 : The following formula is a monomer with = CH3, p = 1, n = 2 

Rl _ C - C - O -(CH2)p - CnFsn.l 

II II 

CH2 o 

P3: 2-Ethylhexyl acrylate 
P4 : Ethyl methacrylate 



[0045] After 14 days since the following surface treatments 
(E-1, E-2) were applied to a triacetyl cellulose (TAG) film, a 
mixed aqueous solution (B-1 : B-2 = 80:20 by weight) of fine 
particles blended and adjusted with the above fine particles was 
coated with a bar coater. 

[0046] (E-1) Corona discharge treatment 

Both sides of a 30 cm-wide support were treated at 2 0 m/min 
under room temperature by a 6 KVA model solid-state corona 
processor made by Pillar Co. A treatment of 0.375 KV*A*min/m^ - 
was made for the support from reading values of current and 



voltage at this time. The treatment frequency at this time was 
9.6 kHz, and the gap clearance of an electrode and an dielectric 
roller was 1.6 mm. 

(E-2) Glow discharge treatment 

Four rod-like electrodes having cylindrical cross-section 
of 2 cm in diameter and 150 cm in length and a hollow part 
becoming a coolant passage were fixed at a spacing of 10 cm and 
in an insulative manner. These electrodes were fixed in a vacuum 
tank, a film was traveled 15 cm apart from these electrodes so 
as to rightly face to the electrode surface, and the carrying 
speed was controlled so as to make a surface treatment in 2 sec. 
A heating roller was so arranged that the film was in contact 
with 3/4 circumsf erence of a 50 cm-diameter heating roller with 
a temperature controller before the film passed through the 
electrodes, the film temperature was made to 115°C and then it 
was subjected to a glow discharge treatment. The degree of 
vacuum in a tank was made to 0.1 Torr and the moisture of atmo- 
spheric gas was made to 75%, then the treatment was carried out 
at a discharge frequency of 27 kHz, an output of 2,500 W and a 
treating intensity of 0.5 KV-A-min/m^. The film after the dis- 
charge treatment was brought into contact with a 3 0 cm-diameter 
heating roller with a temperature controller and then wound up 

II 
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after made to 25°C. Moreover, the support was carried at a 
tension of 5 kg/m from the heating roller to the cooling roller. 

[0047] The coated product was dried at 80°C for 30 min, and 
a 100 nm-thick low-refractive index layer consisting of 
fluorine-containing fine particles was formed. Measurements of 
refractive index and the luminous reflection factor were made 
and a durability test of 60°C, 95% and 500 hr was carried out for 
the resultant films (X-1, X-2) . 

[0048] [Comparison Example 1] A fine particle mixed 
solution same as that used in Actual Example 1 was coated with a 
bar coater on a triacetyl cellulose (TAG) film not subjected to 
the surface treatments. It was dried at 80°C for 30 min to form a 
100 nm-thick low-refractive index layer consisting of fluorine- 
containing fine particles. Same tests as Actual Example 1 were 
made for the resultant film (X-3) . The results are shown in 
Table 2 . 

[004 9] [Comparison Example 2] 

In 12 months since a glow discharge treatment was applied 
to a triacetyl cellulose (TAC) film, a mixed aqueous solution of 
fine particles was coated with a bar coater. It was dried at 80°C 
for 30 min to form a 100 nm-thick low-refractive index layer 
consisting of fluorine -containing fine particles. Same tests as 



29 



Actual Example 1 were made for the resultant film {X-4) . The 
results are shown in Table 2 . 

[0050] 

[Table 2] 

Table 2 



Run No. 


Refractive 
Index 


Luminous 
Reflection 
Factor 


Durability 
Test 


Remark 


X-1 


1.29 


0.6% 


o 


Act. Ex. 1 


X-2 


1.30 


0.7% 


o 


Act. Ex. 1 


X-3 


1.29 


0.7% 


X 


Comp . Ex . 1 


X-4 


1.29 


0.7% 


A 


Comp . Ex . 2 



[0051] As is evident from the table, it is known that the 
test durability is sharply improved without causing bubbles or 
peel -off in the durability tests of two samples of Actual 
Example 1 as compared Comparison Example 2. An improvement of 
durability was recognized in Comparison Example 2 as compared 
with Comparison Example 2, but it was known that the durability 
was insufficient. 

[0 052] [Actual Example 2] 

A toluene solution containing 3 wt% of polystyrene (Toporex 

GPPS 525-51 made by Mitsui Toatsu Co.) was coated on a TAC film 

with a spin coater to form a high-refractive index layer of 

1.585 in refractive index and 160 nm in film thickness. After 14 

days since a glow discharge treatment same as Actual Example 1 
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was made, a fine particle dispersion same as Actual Example 1 
was coated and dried, and same estimation as Actual Example 1 
were carried out for the resultant film (X-5) . The results are 
shown in Table 3 . 

[0053] [Comparison Example 3] (wrong number "2" in original 
specification, translator) 

A fine particle dispersion same as Actual Example 1 was 
coated and dried without the surface treatment of TAG formed 
with a high-refractive index layer same as that used in Actual 
Example 2, and same estimation as Actual Example 1 were carried 
out for the resultant film (X-6) . The results are shown in Table 
3. 

[0054] 
[Table 3] 



Table 3 



Run No. 


Refractive 


Luminous 


Film 


Remark 




Index 


Reflection 


Strength 








Factor 








1.29 


0.2% 


o 


Act. Ex. 2 


X-6 


1.29 


0.2% 


X 


Comp . Ex . 3 



[0055] As is evident from the table, it is known that the 
anti -reflection film of this invention not only has properties 



equal to the multilayer deposition- type anti -reflection film 
which has been used so far, but also has a sufficient 
durability. 
[0056] 

[Effects of the Invention] The surface treatments of this 
invention enables to improve the adhesion to fluorine-containing 
materials which commonly have low surface energy and 
insufficient adhesion to the multilayer and provide an anti- 
reflection film which do not crack or peel off in a durability 
test at a high humidity. 

[Brief Description of the Drawings] 

[Fig. 1] It shows sectional view of invented anti- 
reflection film with layer consisting of fluorine-containing 
polymer fine particles. 

[Fig. 2] It shows sectional view of invented anti- 
reflection film with layer consisting of fluorine-containing 
polymer fine particles and layer having higher refractive index 
than substrate. 

[Description of the Symbols] 

1 : fluorine-containing polymer fine particles 

2 : high-refractive index layer 

3 : substrate 
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